The reconstruction of facial soft tissue is an essential processing phase in the fields of forensics, anthropology as well as maxillofacial surgery. In the first two areas the working subject is a skull find of a deceased where the soft tissue needs to be reconstructed. In forensics, this work helps to identify skeletons from open cases of death. In anthropology, the comparison of facial features between modern and ancient human beings is the main focus of research. Finally, in the case of maxillofacial surgery, a face must be reconstructed after, for example, cancer surgery. The goals of forensics, anthropology and maxillofacial surgery differ substantially. However, the mathematical basis of computer-aided soft facial reconstruction is effectively the same.
Forensic Face Reconstruction
"Mystery of dead woman in Winkeler Bay solved" -After ten years, a female body found mutilated beyond recognition has been identified using a technique known as facial reconstruction. Thanks to the information obtained as a result of the reconstruction, the search for the potential murderer has now been initiated. -Reports of this type were rare in the past. Today, however, a revolutionary progress in computeraided methods has also made its way into the reconstruction of the soft tissues of the human face.
The main goal of computer-based craniofacial reconstructions is to simplify and speed up the process of finding the appropriate reproduction of a person's facial appearance corresponding to forensic findings. The recent developments in the IT sector and the resulting improvement of computing power and progress in technologies for visualization, lead to novel ways for computer-assisted forensic face reconstruction. Based on the findings of traditional facial reconstruction, more and more complex software programs are being designed and applied. In combination with state-of-the-art medical imaging and laser scanning technology, detailed 3D-images can be created with different facial expressions. In general, according to R.P. Helmer 1] the classic manual reconstruction method follows four basic steps.
i) Examination of the skull
The examination of the skull includes the determination of key skull dimensions, the registration and recording of the characteristic shapes of the skull bones (see Fig. 1a These four key steps may be translated into the following computer-assisted reconstruction steps. 
i') Computed Tomography Scan of the Skull

For digitalization of a skull find computed tomography (CT) may be used as one modality (see Fig. 2a-c). Beyond medical application, CT imaging has become established in foren-
ii') Matching of a Soft Tissue Template
The development of a reconstruction plan aims at identifying an appropriate soft tissue template from a database using additional retrieving information (see Fig. 3a 
Anthropologic Face Reconstruction
An archaeological or anthropological example of facial reconstruction, respectively, is given in Fig. 4 . It is the facial reconstruction of the popular Egyptian mummy of the Centre for Biological Egyptology at Manchester University. The face of the Egyptian, who lived during the 19th dynasty more than 3 000 years ago, was reconstructed using modern computer-assisted modeling techniques. As mentioned in the section above, the first step of the processing chain was the acquisition of CT data of the specimen (see Fig. 4a ). The virtual procedure shown here differs from steps ii' and iii'. In the second step, soft tissue depth landmarks were placed at characteristic coordinates (see Fig. 4b ). Then, muscles were modulated (Fig. 4c) and in a final step the skin was rendered (Fig. 4d) . This chain is an exact translation of the manual to a virtual procedure. The anatomical face reconstruction was carried out by D. Schoffield and M. Evison 3] from Nottingham and Sheffield University, respectively.
Generally, there are two procedural alternatives to working with the CT data. As one alternative, which has been described in points i 0 ) to iv') and the examples above, it is of course conceivable to use the three-dimensional CT data as the basis of a virtual soft tissue reconstruction, especially since it is stored in the computer as a representation that can be directly used for further work. The other alternative uses the CT data as the basis for the so-called rapid prototyping technique that produces plastic copies of the skull in its true size (see Fig. 2d ); to these the anthropologist can add the soft tissues with traditional plasticine without putting the archaeological find at risk.
Anthropologists are interested in giving an impression of the appearance of famous persons in history or an idea of a Neanderthaler's visage as an artwork for a museum's exhibition. Forensic anthropologists, however, are working hand in hand with criminal departments to identify a person by means of a soft-facial reconstruction to be published. While the first goal offers some artistic freedom to the sculptor, the latter restricts him or her to information that has been assembled within the criminal investigation.
Craniofacial Surgery
There is a difference between the objectives of craniofacial or facial plastic surgery on the one hand and forensic or anthropologic face reconstruction on the other. In the case of the latter two application, fields the reconstruction of facial soft tissue must be performed without any knowledge of the exact target face. The main goal is to identify an unknown individual (in the forensic case) or at least to give an impression of the visual appearance of historic persons (in the anthropologic case). As mentioned above, the latter type of problems leaves some degree of artistic freedom to the sculptor. Conversely, in the case of craniofacial or facial plastic surgery, the main goal is to reestablish a harmonic facial appearance of a patient, e.g. after tumor resection. Another medical application scenario is maxillary distraction osteogenesis (DOG). Soft tissue must be simulated to predict the result of the procedure. However, since the goals are different, the methods of soft tissue simulation on the basis of underlying bones are quite similar.
Figure 4a/b shows a sample DOG, a procedure in the treatment of severe maxillary hypoplasia and retrusion 3]. Up to now, most investigations have focused on questions regarding the procedure, bony changes, and dental occlusion. However, it is also important to study the concomitant soft tissue changes associated with large bony maxillary advancements as well.
As an example of DOG, the group of T. Hierl et al. 3] compared pre-and post-treatment CT scans using a tool chain based on rigid and nonrigid registrations which have been evaluated for bony changes in time-series analysis. This chain allows the extraction of data for individual anatomical landmarks and displays changes in a color pattern (see Fig. 4 d/e). Furthermore, soft tissue and bony changes could be compared. Facial appearance was altered towards a harmonic relation (see Fig. 4c ).
Structure of the Issue
The special issue is structured as follows. The first three papers describe directions of computerassisted soft-facial reconstruction in forensic sciences. The next two papers show how anthropological, as well as surgical face reconstruction benefit from virtual procedures. The issue is completed by two case-study papers on surgical face reconstruction. Preoperatively required soft and hard tissues were measured using the mirrored data set of the unaffected side; size and location of the graft were chosen virtually. Contours of transplanted tissues were intra-operatively navigated to the preoperatively simulated reconstructive result. The authors show that interventional navigation makes tumor and reconstructive surgery more reliable.
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